Effect of inertia on the cavitation
phenomena of hydrodynamic
textured bearings considering

slip

by J. Jamari

Submission date: 17-Sep-2019 02:10PM (UTC+0700)

Submission ID: 1174322608

File name: Efect_of inertia_on_the_cavitation_phenomena_of_hydrodynamic.pdf (2.36M)
Word count: 5511

Character count: 26780



Journal of the Brazilian Society of Mechanical Sciences and Engineering (2019) 41:387
https://doi.org/10.1007/540430-019-1890-9

TECHNICAL PAPER &')

Check for
updates

Effect of inertia on the cavitation phenomena of hydrodynamic
textured bearings considering slip

Received: 15 May 2019/ Accepted: 26 August 2019
@ The Brazilian Society of Mechanical Sciences and Engineering 2019

Keywords Cavitation - Computational fluid dynamics (CFD) - Inertia - Lubrication - Slip

List of symbols u Lubricant dynana viscosity

a Inlet length a,, a;, Slip coefficients at surface s (moving) and

b Texture (dimple) length (stationary)

B, Slider length

c Outlet land length

hy Textf depth 1 Introduction

h, Land film thickness in inlet land at B

Pam  Atmospheric pressure Surface texturing is an effective technique to enhance the
Peav Cavitation pressure tribological performance of lubricated mechanical com-
v Sliding velocity ponents. As widely known, the introduction of textured
W Load support surfaces can significantly affect the load support of sliding
X Coordinate in sliding direction bearings. Recently, significant efforts have been focused on
z Coordinate through film thickness investigating the inﬁl.ace of the geometric parameters of

a(ture. When texture is applied on the bearing, inertia and
cavitation may exist and affect the lubrication performance.

Several studies reported that the inertia significantly
affects bearing performance both theoretically [1-7] and
4 M. Tauvigirrahman numerically [8-10]. Based on analytical approach, Safar

mtauvigq99@yahoo.com and Shawki [1] investigated the effect of inertia force on
the turbulent bearing characteristics. The results revealed
that the consideration of inertia effects leads to increased
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be i gnorcdahalil etal. [3] performed a theoretical analysis
and stated that the convective iratia force combined with
centrifugal force increases the pressure inside the recess
and land regions. However, in squeeze film air contact, the
results indicated that fluid inertia does not significantly
affect the load-carrying cafffflity of the contact [4]. Syed and
Sarangi [8] examined the lubricating performance of tex-
tured parallel sliding contacts considering fluid inertia effect.
The results indicated that fluid inertia effect leads to changes
in the pcmance parameters. Woloszynski et al. [9] evalu-
ated the inertia effect in finite hydrodynamic bearings with
surface tcxmng using a spectral element solver. They con-
cluded the inertia effect increases with increasing Reynolds
number and decreasing dimple aspect ratio (i.e. ratio of dim-
ple length to d'm& depth). The result was also consistent
with the study of Dobrica and Fillon [10]. Specifically, they
conducted a parametric study on the texturing parameters,
dimension (depth and width), number, and density of the
Celu improve hydrodynamic performance. They analysed
the validity of the Reynolds equation (RE) and inertia effects
in parallel textured sliders of infinite width using the RE
and commercial CFD simulation software (FLUEN In
the case of journal bearing, the longitudinal inertia has a
dominant influence on the increase in the values of the bear-
ing mechanical parameters, while the circumferential inertia
causes a small decrease in the pressure and load-dgElying
capacity [5]. In a recent study, Okabe [6] revealed that the
fluid inertia generates more hydrodynamic load although
it does not significantly alter bearing stiffness or damping.
It should be noted that most of the aforementioned studies
focused on the inertia effect in the analysis of bearing lubri-
cation. As widely known, when the texturing is of specific
ercst, the presence of cavitation can reduce or increase the
lubrication performandfbased on the texturing parameters.
In terms of inertia and cavitation, in the recent publication,
Lin et al. [7] discfffifed the complete analysis of the ther-
mohydrodynamic cavitating flow lubrication model includ-
ing effect8®f cavitation, inertia, and turbulence. The results
indicated $¥at inertia and cavitation f[Jce the load-carrying
capacity and friction torque, while load-carrying capacity

Fig. 1 Schematic diagram of
parallel textured bearing with
boundary slip

L,

and friaun torque increase due to turbulence. Another inter-
esting result was that the influence of inertia effect on the
static characteristics of bearing exceeds the cavitation effect
under a high-speed condition.

In addition to surface texturing, the slip induced by
hydrophobic coating is considered as a technique to enhance
Ebrication performance. Several researchers including
Salant and Fortier [11], Wu et al. [12], Ma et al. [13, 14],
Bayada and Meurisse [15], Rao [16], Aurelian et al. [17],
Tauviqirrahrn] etal. [18], Syed and Sarangi [19], and Wang
and Lu [20] explored the @haviour of the sliding contact
with respect to the effect of sli[nn the load support and fric-
tion. The results indicated the existence of a lift force (load
support) even in the absence of a wedge effect. It should be
noted that most of the studies ignored the presence of the
cavitation.

The literature survey shows that the studies related to the
correlation between cavitation and inertia and especially in
the presence of the slip are significantly limited. The present
study focuses on predicting the hydrodynamic pressure via
computational fluid dynamic (CFD) and modified Reynolds
equation to explore the influence of inertia and slip bound-
ary on the hydrodynamic pressure of textured parallel slid-
ing contacts by considering cavitation. In this research, an
analytical model of the RE considering cavitation based on
a study by Muchammad et al. [21] is adopted.

2 Methodology and its solution

2.1 Geometric model

The textured bearing configuration is shown in Fig. 1. The
textured surface is composed of a sirlde recess with or
without boundary slip. For the analysis of a pocketed bear-
ing with slip condition, the boundary slip is crnncercd to
occur on the complete stationary surface and all sides of
the poca cell (see Fig. 1) as denoted by the red line with
circles. ¥r all the following simulations, the standard one-
dimensional bearing geometry is investigated with values
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for the parameter as shown in Table 1. It should be noted
that the parameters employed in this study are inspired by
the works of Muchammad et al. [21], Olver et al. [22], and
Follll et al. [23].

In the present study, to explore the correlation between
the inertia, the cavitation, and the slip, two cases varying
different geometric textures are of main particular interest.
Case 1 refers to the bearing with texture depth s of 2 pm

Table 1 Characteristics of the analysed main bearing

Parameter Symbol Value Unit
Length of the bearing B 2.00 mm
Inlet length a 0.75 mm
Length of texture b 0.25 and 0.75 mm
Outlet length ¢ 1.00 and 0.50 mm
Land film thickness h, 4.00 pm
Texture depth hy 2.00 and 4.00
Density of oil P 962 kgfm3
Density of vapour P 0.02556 kg/m?
Viscosity of oil I 0.013468 Pas
Viscosity of vapour s 1.256x107% Pas
Atmospheric pressure D 100 kPa
Cavitation pressure Diaw 50 kPa
Slip coefficient @ 0.02 m? s'kg
Sliding velocity [ | m/s

Fig. 2 Schematic representation
of the textured slider bearing

(i.e. hy=0.5 h,), and case 2 refers to the one with f; of 4 um
(i.e. hy =h,). For each case, the texture length b is varied
to 0.25 mm and 0.75 mm as shown in Fig. 2. According
to Dobrica and nllon [10], in this way the inertia effect
as a function of texture depth as well as texture length can
be evaluated in terms of the hydrodynamic pressure. For
all cases, Reynolds number is set to be constant, i.e. 0.286.
In the present analysis, when slip is of particular interest,
the slip condition is implemented to all stationary surfaces
including the texture cell as mentioned before. It should be
noted that the inlet length a is set to constant, i.e. 0.75 mm.
Consequently, when the b value is varied, the outlet length
¢ will change.

2.2 Governing equations

In the present study, the analysis of lubrication is solved
by two methods as follows: an analytical solution based
on mofiffied Reynolds theory with slip and a more rig-
orous computational fluid dynamics method based on
Navier—Stokes (N-S) equations. For the first approach, the
lubrication theory is modified by including slip and cavita-
tion based on the derivation of first-order Reynolds theory.
The analytical mathematical lubrication equation used in the
analysis is as follows [21]:

for the case of a low b (i.e.
b=0.25 mm) and b high b (i.e.
b=0.75 mm)

'y r 3
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3 3 ab + be ho + 3h.¢;K’r= _ % 3 ab + be ho + 3h¢:Kﬂ
P, [(hp + 3::1,5:;,) T+ ( . =P, (hp + 3;1;,&:;,) T+ .

(1

- 6uU[(h, +h,K,) = (h, +1,K,)]

PP

The detailed solution method used in this research is

presented in “Appendix”. The reader can also refer to the
published work of Muchammad et al. [21] for detailed algo-
rithm used.
For the second method, the Navier—Stokes (N-S)
equations are solved over the domain using a finite vol-
ume method with the commercial CFD software package
FLUENT®. The equations are applied with constant den-
sity and viscosity and without body force. The equations are
steady and ()nlynjlved in the x- and z-directions. Given the
aforementioned properties, the Navier—Stokes and continuity
equations are, respectively, expressed as follows:

pu-Viu=—Vp+4Vu (2)

v@=0 3)

With the application of sliding surfaces in very narrow-
gap conditions and the availability of hydrophobic mate-
rials, the classical no-slippage boundary condition breaks
down. When lubricant slips along a solid—liquid interface,
the slippage length f# is generally used to address the relation
between slippage velocity and surface shear rate as follows:

du

92 |surface

ug=pf C))
where u, denotes the streamwise slippage velocity at the
hydrophobic surface, f# denotes the slippage length, and
/02| guce dEmotes the surface shear rate. Typically, it is
postulated that a high value of § implies greater slippage.
Furthermore, it is also conventionally implied that the high
slippage is also associated with high friction force reduction.
Numerous studies demonstrated that the chemical treatment
of the surface generates a slippage length in the order of
1 pm, whereas longer slippage lengths of up to 100 pm are
obtained through combinations of dffrministic textured
structures with hydrophobic surfaces. In the present study,
the slippage length of a hydrophobic surface is assumed as
uniform in space due to the application of a microscopic
scfi.

To model the Navier slippage behaviour in ANSYS-FLU-
ENT, it is a necessary to create an additional subroutine to
enhance the capability of FLUENT and customise its feature
for a lubrication modelling analysis. This subroutine, termed
as user-defined function (UDF), is a function that allows a
user to define boundary conditions, material properties, and
source terms for the flow regifE as well as specify custom-
ised model parameters. Thus, the Navier slippage boundary

@ Springer

condition can be applied to surfaces of the lubricated sliding
contact.

The flow is considered turbulent to ensure that the coféBi-
tions are representative of the bearing characteristics. The
turbulent model of Realisable k—¢ is used with standard wall
functions as near-wall treatment. In FLUEST®, three cavita-
tion models are available as follows: the Schneer and Sauer
model, Zwart—Gerber—Belamri model, and Sighal et al.
model [24]. In this study, the Zwart—Gerber-Belamri model
is employed owing to its capabilities such as less sensitivity
to ash density, robustness, and quick convergence [24].

In cavitation, the liquid—vapour mass transfer (evapora-

tion and condensation) is governed by the vapour transport
equation as follows [24]:
d
E[Q‘.pb)"rv.(a‘.pbv) =R3—R‘. )]
where a, denotes the vapour volume fraction and p, denotes
the vapour density. Additionally, R, and R, account for the
mass tasfer between the liquid and vapour phases in cavi-
tation. For the Zwart-Gerber-Belamri model, the final form
of the cavitation is as follows:

3ay.(1—a,)p, [2P,—P
If <p, R,=F., nue A (6)
P y evap RB 3 2

If p>p,,

3a,p
R = F m [P 1]
T con Ry 3

v (7)
where ch evaporation coefficient =50, F = con-
gnsalion coefficient=0.01, Ry =bubble radius = 10~% m,

wue = Nucleation site volume fraction=5x107*, p, =liquid
density, and p, = vapour pressure.

2.3 Boundary condition and computational mesh
analysis

The flow is assurfflld to be incompressible, steady, and the
Newtonian fluid. In the current study, the boundary slip is
applied on the entire surface oﬂlalionary wall including
the edges of texture), while the no-slip boundary condition
is applied on the moving wall. In detail, tHf]boundary con-
dition of the domain is shown in Fig. 3. At the inlet and
outlet of the domain, the pressure is set to atmospheric and
a zero velocity gradient in the direction normal to sliding is
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Fig. 3 Boundary condition of
the computational domain

B rressure Inler
Pressure Outlet
B stationary Wall
[B] Moving Wall

Fig. 4 Mesh structure of the
computational domain

assumed. This can also be thought of as a fully developed
flow approximation. Additionally, to investigate the cavita-
Ebn effect, the comparison of the lubrication performance
between the analysis with cavitation model and that without
caﬁtion model is also discussed.

In the CFD approach, meshing of the computational
domain is needed in order to solve the continuity and
momentum equations over each grid cell. The high-reso-
lution scheme in FLUENT is used to discretise. It should
be noted that the meshing process for the textured surfaces
has been checked to ensure grid independent result. Thus,
to evaluate the necessary mesh density for determining the
lubricant behaviour of bearing accurately, a mesh analysis
was caducted. In the computational domain, the developed
mesh @Onsists of four blocks with uniform grid as shown in
Fig. 4. The minimum mesh size in the longitudinal (Nx) and
transverse (Nz) directions is 1000 x 140, respectively. In the
textured area, a finer mesh is used. The mesh density is in
detail shown in Table 2.

3 Results
3.1 Validation

In this subsection, the developed methods in the present
work (i.e. N-S and RE approaches) are validated by compar-
ing the computed hydrodynamic pressure with those of Ref.
[22] under the same input parameters. It should be noted that

—
Block IV
—— —+—
Block I Block I1 Block 11
—— — =
Nx
Table 2 Detail of mesh used
No. Blok Mesh edge type Ratio Interval count
1 | NX First last ratio 0.1 375
NZ Bi-exponent 0.6 60
2 11 NX  Bi-exponent 0.6 250
NZ Bi-exponent 0.6 60
3 111 NX Last first ratio 0.6 375
NZ Bi-exponent 0.6 60
4 IV NX  Bi-exponent 0.6 40: 80: 160
NZ Bi-exponent 0.6 125; 250; 500

the validity of mass preserving multi-phase cavitation model
used in the CFD approach is also of particular interest. As
shown in Fig. 5, the hydrodynamic pressures predicted by the
presefJstudy by either CFD or Reynolds approaches are in
good agreement with the corresponding results in Ref. [22],
which justify the validation of the developed bearing model.
The cavitation region predicted by two approaches employed
here (based on N-S and RE) also matches well with the
reference. However, as shown in insert in Fig. 5, there is
an acceptable small difference with respect to the pressure
peak as well as the cavitation region. The reason behind this
is that, first, CFD method solves the Navier-Stokes equa-
tion in which the inertia term is included; second, the CFD
approach employs the multi-phase cavitation model instead
of single-phase model to model the cavitation phenomena.
The validity of the multi-phase cavitation model as used here

& Springer
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Fig. 5 Comparison of pressure 0.08
between the present studyand || ceeens Olver et al. [22]
the literature ~——— RE solution (present study)
~
— = =N-8 solution (present study) ‘“:* o
0.04
ae
=
=
= =
S
= o™ )%
., - ‘:}\
0 o~
S R
\\ .
S ;
-0.04 =3 S £
 S—
]
\ — — — —
-0.08
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2
x (mm)

has been discussed in detail in the recent literatures [25, 26].
In what follows, all numerical computations are performed
based on the present solution set-up.

3.2 Effect of inertia

According to [mwa and Fillon [10], the inertia effect can
be determined by the Reynolds number Re and/or texture
aspect ratio 4 (i.e. A=0/hy). In this section, the textured bear-
ing configurations are classified into two cases varying the
textured depths, i.e. case 1 (hy=0.5h,) and case 2 (hy=h,).
For case 1, the resulted texture aspect ratios 4 are 125 and
375, respectively, for case of texture length 5=0.25 mm and
b=0.75 mm. For case 2, the 4 are 62.5 and 187.5, respec-
tively, for case of b=0.25 mm and »=0.75 mm. Based on
“inertia” mapping presented by Dobrica and Fillon [10],
assuming the same Reynolds number (i.e. Re=0.28 in this
study ), the textured bearing in case 2 has rm inertia effect
than that in case 1, which means that the variations in film
thickness with respect to the texture depth are larger. Addi-
tionally, for each case the variation of texture length b is
conducted to provoke the inertia effect. Physically, lowering
the value of b (i.e. 0.25 mm) of the textured bearing will
generate more inertia effect in comparison with the bearing
with high b (i.e. 0.75 mm).

Case 1 In this section, the textured bearings with h;=0.5 h,
is of particular interest. Based on Fig. 6a, for the no-slip situ-
ation and low b, it is observed that the hydrodynamic@les-
sure profiles predicted by the Navier-Stokes equation (N-S)
nd the Reynolds equation (RE) are identical for the case
in which the cavitation effect is ignuni. However, when
the cavitation model is considered, the pressure distribution

@ Springer

predicted by the N-S exceeds that by the RE and especially
in the centre of the contact. Based on a physical view point,
this means that inertia with the presence of the cavitation
increases the hydrodynamic pressure. Another interesting
result is shown in Fig. 6b with respect to the bearing pattern
with high b wherein the RE yields a slight deviation of the
pressure prediction with respect to the N-S and especially in
(73 outlet edge of the contact. For the case of “no cavitation”
predicted by both the N-S and the RE, the prediction of the
hydrodynamic pressure profiles yields the same result. Over-
all, there are two specific features specified based on Fig. 6.
First, for low b, inertia plays a significantly strong dominant
role in altering the flow behaviour in terms of hydrodynamic
pressure. Second, for high b, the inertia effect is not signifi-
cant. However, in the case of “high 5", the cavitation effect
becomes dominant. In other words, the results indicate that
presence of the inertia decreases the possibility of the occur-
rence of cavitation as shown clearly in Fig. 6a.

For the slip situation shown in Fig. 7, some specific fea-
tures are highlighted. First, the predictions of the hydro-
dynamic pressure profiles between “cavitation™ and “no-
cavitation” cas tend to coincide with each other. This
prevails for the pressure distribution predicted by both the
N-S and RE. It indicates that for the case in which the
inertia is dominant (i.e. low b), the presence of cavitation
is significantly reduced by introducing the slip. This is dif-
ferent when the no-slip is employed as reflected in Fig. 6a.
Second, in the case in which the inertia is less dominant
(i.e. high b), it is observed based on Fig. 7b that the predic-
tion of the pressure between the N-S and the RE coincides
irrespective of the cavitation model. This is as expected
because the inertia is less significant in the bearing with
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Fig. 6 Hydrodynamic pressure 0.25
for the no-slip situation in the — — = RE cavitation
case of a low b and b highp | RE no cavitation
2 - i
0.2 1 ——N-S cavitation ;' '"'""-%._
----- N-S no cavitation i ""'-v.._
~~ 'i ~,
S 0.15 T
o1
0.05
0
0 0.5 1 1.5 2
x (mm)
(a)
0.4
= = = RE cavitation
0.3 [ ceeeeee RE 1o cavitation A
——N-8 cavitation AN
0.2 o v RN
=] m———- N-S no cavitation / Ny

0 ~\ ’,1/
“\ 7’
4 ~ Va
0.1 o 7
x,.‘.‘//
-0.2
-0.3
0 0.5 1 1.5 2
x (mm)
(b)

high b. However, while dealing with the cavitation effect,
the prediction is considerably different with respect to the
prediction of the pressure when the cavitation model is not
considered when the case is solved by the N-S as well as
when it is solved by the RE. This indicates that inertia and
the cavitation exhibit a strong relation irrespective of the
slip being introduced (see Fig. 4b). It is observed that the
increase in the inertia effect (i.e. by lowering the value of
b in this case) will decelerate the cavitation phenomena.
Figure 7a strengthens the results shown in Fig. 6a.

With respect to the N-S solution in which the inertia
effect is considered, based on Figs. 6 and 7, it is found that
for the no-slip case, the consideration of the cavitation
model in the computation makes the numerical results more
realistic by the presence of the cavitation area in texture. The
“no-cavitation” approach yields the “overestimation” results.

Nevertheless, when the slip condition is introduced, the lines
of pressure profiles coincide, and this means that the slip
minimises the presence of cavitation. Based on Figs. 6b and
7b, for the case of bearing with high b (i.e. low inertia), it is
observed that the cavitation region is minimised by introduc-
ing the slip situation. Additionally, for the “no-cavitation™
case, the introduction of the slip yields a lower prediction
of the pressure when compared to that in the “no-slip” case.

For the numerical results based on RE (i.e. inertia terms
is excluded) dealing with the case of low dimple length b,
based on Figs. 6a and 7a, it can be seen that for the slip
condition, there is no difference between the “cavitation”
and the “no-cavitation™ approaches. This is quite similar
to the case when the N-S is used. The difference is that the
N-S represents what the so-called pressure jump as found
in the texture edges. The reason behind this is that the

@ Springer
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Fig.7 Hydrodynamic pressure 0.25
for the slip situation in the case
of a low b and b high b

0.2

= = =RE cavitation
‘‘‘‘‘‘‘‘‘ RE no cavitation
= N-8§ cavitation
----- M-S no cavitation

0.05
0
0 0.5 1 1.5 2
X (mm)
(a)
0.25
= = = RE cavitation
0.2 || ceeeeeees RE no cavitation o4,
N-S cavitation
0.15 -
=====N-5 no cavitation
= 0.1
:
a, 0.05
0
-0.05
0.1

inertia alters the flow in that area. The interesting finding
based on Figs. 6a and 7a is the fact that the cavitation does
not occur for slip situation. It means that slip can mini-
mise the existence of cavitation. For the no-slip case, as
expected, the cavitation approach makes the profiles lower
than the “no-cavitation” approach. Again, these results are
similar to the results predicted by NS approach.
Regarding the cases of textured bearing with high b,
based on Figs. 6b and 7b, it is found that the pressure pro-
files predicted by the RE are very similar to that solved by
the N-S. This is as expected because for the bearing with
high b, the low inertia is found. Dealing with inertia effect,
comparing Figs. 6 and 7, the cavitation region is found to be
larger in bearing with low inertia (i.e. high b) in comparison
with the bearing with low b. This is to say that the inertia as

@ Springer

0.5 1 1.5 2
X (mm)

(b)

well as slip boundary can reduce the presence of cavitation
in bearing.

Case 2 In this part, the textured bearings with hiy=h,, are
of particular interest. As mentioned earlier, increasing the
texture depth /1, while keeping the land film thickness h,
constant makes the inertia more significant [10]. Therefore,
the main focus in this section is that in the presence of iner-
tia, the correlation between the slip and the cavitation is
investigated.

Figure 8 shows the Navier—Stokes prediction of the
hydrodynamic distribution pressure varying the texture
length for slip and no-slip situations. It can be seen that
there are some interesting features which can be drawn.
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Fig.8 Pressure distribution 0.12
predicted by Navier-Stokes - — = Slip and cavitation
solutlon_ in the case of a low b +wseeuses No slip and cavitation
and b high b : i
0.1 f} == Slip and no cavitation .
.
————— No slip and no cavitation a2
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n No slip and no cavitation B
= 0l
-
=
e
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0.09
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First, for all situations (i.e. slip and no-slip), the cavi-
tation phenomena are not found. The predicted results
without considering the cavitation model also give the
same trends. Generally speaking, for the bearing with
significant inertia effect, the cavitation can be prevented.
This result, of course, strengthens the previous results of
case | dealing with the presence of inertia. Second, deal-
ing with slip effect, it is found that the slip reduces the
hydrodynamic pressure profile irrespective of the value
of b. However, other interesting finding is the fact that
when the inertia effect is reduced by increasing the b, the
deviation of the pressure profile between the “slip™ analy-
sis and the “no-slip” analysis becomes larger compared

0.5 1 1.5 2

to the bearing with low b. It indicates that the slip effect
becomes more dominant to alter the hydrodynamic pres-
sure profile when the inertia effect is reduced. In other
words, the presence of the inertia in textured bearing
reduces the effect of the slip application.

4 Discussion
In the present work, the inertia effect is investigated by
comparing the solution results of N-S and RE. If the devi-

ation of the prediction is found, the inertia effect is high-
lighted. Figure 9 shows the prediction of hydrodynamic
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deviation between RE and
N-S approaches for no-slip

case

Slip make a deviation between

RE and N-8 predictions

387 Page 10 of 14
Fig.9 Prediction of hydro- 0.11
dynamic pressure by Navier—
Stokes and Reynolds equations —
for slip and no-slip situations Gne (fadly Emem
considering cavitation :
o 0102
& 0008
0.094
0.09
0

Fig. 10 Bleamline of textured
bearing ft}r the case of a no-slip
and b slip conditions. Note:
Results are evaluated by consid-
ering the cavitation model

05 13

pressure by N—S and RE approaches with the inclusion of
the cavitation effect for slip and no-slip situations. It can
be revealed that for the case of slip situation, the devia-
tion betweeame Navier-Stokes and Reynolds equations
is observed. Based on the physical point of view, it means
that the slip condition generates a special phenomenon
in the edges of the texture cell as shown in Fig. 9. To
explain what phenomenon is created by applying the slip

& Springer

(b)

situation, Fig. 10 reflects the streamline in texture cell
for no-slip and slip conditions, respectively. As shown in
Fig. 10a for case of no-slip, the vortex does not develop
in the edge of the texture, while for slip textured bear-
ing, Fig. 10b shows that the vortex occurs in the edge
of the texture (front and rear). It means that the inertia
effect becomes clearer when the slip is employed. Based
on the CFD solution by considering the multi-phase
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Fig. 11 Contour of volume frac- i
tion of vapour for the case of a £
no-slip and b slip conditions !
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cavitation model dealing with the question of “how the
inertia affects the cavitation region”, Fig. 11 shows the
contour of volume fraction of vapour around the texture
cell for no-slip and slip conditions. Comparing Figs. 10b
and 11b, it is clear that in the leading edge of the texture
cell, the volume of the vapour in the case of slip condi-
tion is lesser than that in the case of no-slip due to the
presence of the more vortex. ]ns interesting to summarise
the tribological performance in terms of load support for
several conditions as shown in Fig. 12. Figure 12 depicts
the comparison the load support between the “low-
inertia” bearing (i.e. A=375) and “high-inertia” bearing
(i.e. A=62.5) for no-slip situation. It can be observed
that the increase in the inertia effect increases the load
support. This is as expected because as mentioned in the
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Fig. 12 Comparison of load support W for several conditions
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previous discussion, due to the presence of inertia, the
cavitation region also reduces.

5 Conclusion

This study focused on exploring the correlation between
inertia, slip, and cavitation in a bearing. Two approaches
were used to solve the problem, namely the CFD and modi-
fied RE with slip. The following conclusions were obtained
in the present study:

1. The inertia effect significantly affects the cavitation. The
presence of the inertia in textured bearing decelerates
the cavitation phenomena.

2. The slip boundary reduces the cavitation area in the
bearing.

3. In the case of “low-inertia” bearing, the slip effect
becomes more dominant in altering the hydrodynamic
pressure profiles compared to the case of “high-inertia™
one.

Appendix

The analysis below is based on continuity of flow through
the bearing. For the condition in whica'lc slip velocity is
present on the stationary surface, the corresponding flow
rate equation can be expressed as [21]:

9 K op h o+ dpha, " Ualfh+ 2uha,
D=0\ 2o h(h+ pay) )T 205\ 2(h+ eay)
a ®)

For the first-order Reynolds equation, the flow rate is
given:

U I+ 2uha;,

_ _h_3h+4yrxh£
2 h+ pa,

12p h+ pay, dx

4. (&)

No cavitation in recess

For the areas of the bearing containing parallel surfaces, the
film thickness / is constant, and tH{pressure gradient must
be linear (see Eq. 9). Equation (9) can be modified for each
region of the bearing to

U h.:—: + 2#}106!' h: hn + 4-""611 P2 B P:lllh
Gap = — P (10)

F] h, + uay, 12 h, + pay,
yl +2uh,a, 1 b, +4dua, (P, - P, .
sc = 2 hp + pay, 12u hp + pay, b (L
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U hi + 2uh,a,
- E hn + Hay,

hi 'ha +4;¢'th (P:ltm _P_'{)

e 124 h, + pe,

¢

(12)
with one condition g5 = gz = q¢cp based on volume
conservation.

When g, is set to be equal to g

a

U ht‘_: + 2-'“',?”&!’1 h: hn i+ 4#“{: ( P2 - P:lllh )

2 h,+ pue, 124 h, + pay,

U W+ 2ph,a, 13

2 h,+ pay

P"_Purl P:ln_P.
( ) - |1)=( l1C 1) (14}
2]

For the non-cavitating case, P, is unknown. Equating flow
rate in inlet land and recess, g5 = qp¢
3
hr: hr: + 41““!4 ( P2 - Patm )

[

120 h, + pay,

3
_ _ ks hﬁ"“‘"‘“ﬂ(Pa—Pz)
2 h,+ pay, 12p h, + pay, b

i
_ h# hr: + 4#“}% P:lllh - P3
12p h, + ua, ¢

U+ 2uh,e,

2 hr) + pay,

15
U I+ 2uhya, (13)

IfK, = £ and K, = —£2— then
iy P By pay,

3

Lht: h.;: Py = Fym
—(14+K,) — —(1+4+3K _
2 ( ") 12;1( ”)(

a

—Uh”l K v (1+3K,) PPy "
= (1+K) -5, (1+3K){ =

From Eq. (14), it is known that Py = P, — (P = Py, ):
therefore,

Py—P, ab + be
( b ) = ab? (P:lllh - Pl) (17)

Substitution of Eq. (14) in Eq. (15) gives

3433
b+ bc h , t 3hok.ﬂ
P (h3 3K )" ‘
2[ p o5 ab? * a

3 3
_ 3 3 ab + be I, +3h,K, (18)
= Pum [(hf’ + BhPKP) ab? i ( a

- 6uU|(h, +h,K,) = (h, + K,)]

where

* 1.3 3
C: =1 +31K

PP
Cr=nh+3KK,

C,=h,+h,K,
C,=h,+h,K
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Combining Egs. (17) and (18) to eliminate P gives ,
W = |:P1![III‘! + “__ (PL'L!\' - PJ[1I||)] + [PL.!\JJ( I - Xb)]

. c* . c*
P, ab +qu( c+=2)=r, ab +.,b( g e —6_HU{C,—C“) 2a
\oabr " a ab* " a r 2 " 2
6}"U(Xh) C,, (X{a]
(19) + [ PeanXp + — (C,-C,)+ (Peaw = Pum)
: 2C* E 2al*
and thus, P r
(_.3
G}JU(C -C )bc + | Pam€ — % (P — Paum)] = Pypla+b+c)
P, =P L~ (20) 27

i + ——————
amm o %
(.-C; + cCp +bC?

Due to linearity between the pressure gradient in the inlet
and outlet lands and in the recess, each of three areas of the
bearing has a triangular pressure distribution that can be
simply integrated to determine the load support. Therefore,
the total normal force reads [21]:

W=Wyp+ W+ Wep —Pyplatb+o) (21

ﬁ,uU(Cp - C”]ab(a + b) ﬁ;fU(C‘,, — C”)bc(b + c)

T TaC+cC+bC\ 2 )T aC+cC+bC N 2
(22)
Finally, the load support reads
W= GHU(C;;_C:;)%;» ¢t —ab—a’+be 23)

C; a+r+b%

-
Cavitation in recess

For the case of cavitation in recess, P, is assumed to be equal
t0 Payy 80 Gap = gy ¢ £ives

Uht: h: Pcuv - Pulm
T(‘ +K,) - m(' +3K,) (T
Uhp(l K,) i (1+3K )(P1 — P) -
=—(14+K,)— —(1+47 v
2 ? " T2 P X,
where

C; (P3 - Pc:w)

o L 25
6‘“U(CP_C0)_C:(M) (25)

a

It should be noted that for the cavitation zone, the pres-
sure must be integrated separately, i.e. the non-cavitated area
and cavitated area of the recess, so the total load support
reads
W=Wg+ Wy + Wye+ Wep— Pynla+b+c) (26)

Thus,
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